Seventy postpuberal dairy heifers were assigned to remain untreated (n = 26) or to receive the Syncro-Mate-B (SMB) treatment (n = 44). Untreated heifers were inseminated at 12 hr after detection of estrus, while SMB-treated heifers were inseminated either at 48 hr after implant removal (group 1) or at 12 hr after detection of estrus (group 2). Jugular blood was collected at regular intervals from four untreated heifers and from 20 SMB heifers. In untreated heifers, estradiol-17/3 (E) was unchanged throughout the estrous cycle. Progesterone (P) reached maximum concentrations during the luteal phase and then declined to less than 2 ng/ml before estrus. Follicle stimulating hormone (FSH) ranged between 50.1 and 100.2 ng/ml during the estrous cycle, then reached a peak (P<.05) concentration of 516.2 ng/ml coincident with peak luteinizing hormone (LH) concentration at 12 hr after the detection of estrus. In SMB-treated heifers, plasma E increased by 12 hr after injection of estradiol valerate and then declined throughout the rest
Introduction
Various estrus synchronization treatments have been successful in confining estrus to a 2-to 5-day period, but fertility at first estrus remains variable (Britt, 1979) . However, since the timing of insemination in relation to ovulation is an important consideration in efforts to achieve conception, techniques that could restrict ovulation to a more brief time period might promote higher fertility at the controlled estrus. Little information is presently available concerning the effect of progestin treatement on endogenous gonadotropins and ovarian steroids. Determination of variability or the absence of variability in the response of the :eproductive hormones to such a synchronizing treatment would provide information about the involvement of profiles of these hormones and their relationship to subsequent expression of estrus and ovulation. Further, comparison of endocrine data gathered from such an investigation, in conjunction with pregnancy rates of treated animals, would yield firsthand information relating reproductive hormone profiles to fertility. Synchro-Mate-B (SMB) has been shown to be a successful estrus control device, although some variability in fertility exists (Woody and Abenes, 1975; Mares, 1978; Smith et al., 1979) . The objectives of this study were to investigate the effect of SMB treatment on endogenous follicle stimulating hormone (FSH), luteinizing hormone (LH), estradiol-17/3 (E) and progesterone (P) profiles during the treatment and subsequent breeding periods and to examine possible relationships between hormone profiles and subsequent pregnancy rates.
Materials and Methods
Animals. Seventy postpuberal dairy heifers previously observed to be in estrus were randomly assigned either to remain untreated (n = 26) or to receive the SMB treatment (n = 44), which was applied without regard to stage of cycle. The treatment consisted of the insertion, in one ear, of a hydron implant containing 6 mg of norgestomet (17-or acetoxy-11/~ methyl-19-nor preg-4-3,20 dione) and an injection of 3 mg norgestomet plus 5 mg estradiol valerate in oil, both on day 0. Implants were removed from the ear on day 9. Treated animals were randomly allotted to two groups to be inseminated either at 48 hr after implant removal (group 1) or at 12 hr after detection of estrus (group 2). Heifers were observed twice daily, and all estrous behavior was recorded. All inseminations were performed by a single skilled technician using only semen from sires of proven high fertility. Pregnancy was determined by rectal palpation 40 days after insemination.
Blood Sampling Procedure. Jugular blood samples (15 ml) were collected into evacuated tubes containing 268 USP units of sodium heparin. Samples were collected from four untreated heifers at 12-hr intervals for 21 days, and hormone profiles were normalized around the occurrence of estrus. Blood was collected from 20 SMB-treated heifers at 12-hr intervals from the time of implant insertion (day 0) through 48 hr, and then at 48-hr intervals through day 8. The 12-hr sampling regimen was used again from the time of implant removal on day 9 through day 12. All blood was centrifuged immediately and plasma was stored at -20 C T ~TT until assayed for hormone content.
Radioimmunoassay.
Plasma E was assayed by a modification of the method of Henricks et al. (1971) as reported by Barnes et al. (1980a) . Inter-and intraassay coefficients of variation calculated from two plasma pools averaged 15.5 and 12.2%, respectively. Tritiated E recovery averaged 85%, and values were corrected for this procedural loss. Plasma P was determined as reported by Henricks et al. (1970) . Extraction of tritiated P from plasma averaged 90% and values were corrected. Inter-and intraassay coefficients of variation were 14.5 and 13.0%, respectively. Plasma LH was quantified by the methods of Niswender et al. (1969) , as reported by Barnes et al. (1980b) . NIH-LH-B9 was used as the standard preparation. Inter-and intraassay coefficients of variation were 13.5 and 10.7%, respectively. Plasma FSH was measured by the method of Cheng (1978) as reported by Barnes et al. (1980b) . NIH-FSH-B1 was used as the reference preparation, and coefficients of variation for two pools averaged 16.2 and 17.3%, respectively.
Statistical Analysis. All data were analyzed by least-squares procedures for a split-plot design. In addition, hormone profiles for each animal were analyzed for occurrence of statistically significant (P<.05) peak concentrations by the method of Christian et at. (1978) . Effects of sire on pregnancy rate and pregnancy data for the treatment groups were analyzed by chi-square tests.
Results and Discussion

Untreated
Heifers.
During the 21-day sampling period, estrus was detected in each of the untreated heifers (day 0). Profiles of mean hormone concentrations in plasma are depicted in figures 1 and 2 for the period from 10 days before the onset of estrus to day 7 postestrus. As shown in figure 1, mean plasma E did not vary (P<.05) during the estrous cycle. Plasma E concentrations were in the range reported by Wetteman et al. (1972) for dairy heifers and by Henricks et al. (1971) for beef animals.
Mean plasma FSH concentration fluctuated between 50.1 and 100.2 ng/ml throughout the sampling period (figure 1) except for a peak (P<.05) of 515.0 ng/m! at 12 hr after the detection of estrus and a lesser peak (P<.05) of 159.3 ng/rnl at 60 hr postestrus. FSH values were similar to those reported by Barnes et al. (1980a) for postpartum cows, but differed somewhat from concentrations reported by Akbar et al. (1974) and Dobson (1978) for beef and dairy heifers. However, neither Akbar et al. nor Dobson employed the homologous assay system for bovine FSH that was used in this study. Both Dobson (1978) and Barnes et al. (1980a) detected a postestrus increase in plasma FSH concentration, whereas Akbar et al. (1974) did not. Dobson (1978) reported an increase in plasma FSH concehtrations 24 hr after estrus, while Barnes etal. (1980b) detected an increase 4 to 5 days after estrus. The present study revealed an increase (P<.05)in plasma FSH concentration at 60 hr postestrus, an observation which agrees with neither of the previous reports. However, since all studies were conducted with a limited number of animals, variation among animals could account for these differences. The physiological significance of a postestrous increase in plasma FSH concentrations is presently unknown.
Figure 2 presents mean plasma P and LH concentrations in untreated heifers. Plasma P concentrations were increased during the diestrus phase of the estrous cycle and then decreased at estrus. Mean plasma LH concentrations were below 2 ng/ml throughout the estrous cycle, except for a peak (P<.05) of 19.2 ng/ml that occurred 12 hr after the detection of estrus. Both P and LH profiles in this study agree with previous data (Henricks et al., 1971; Swanson et al., 1972; Wetteman et al., 1972) . Thus, the four untreated animals in the present study are considered to be representative of untreated heifers during an estrous cycle.
The present study revealed a negative correlation between plasma P and FSH concentrations (r = --.21, P<.O01), while plasma E concentration was positively correlated with Figure 3 depicts plasma E and FSH concentrations in SMB-treated heifers. Mean plasma E concentrations increased from an initial value of 6.5 pg/ml to 15.8 pg/ml within 12 hr of SMB treatment and remained high for 24 hours. This effect was presumably due to the injection of estradiol valerate at the time of treatment. After this period of elevation, plasma E concentrations decreased through the remainder of the sampling period. No increase in mean E concentrations was detected after implant removal on day 9. Overall mean E concentration was higher (P<.05) in treated animals than in controls, also presumably because of the injection of estradiol valerate.
Syncro-Mate-B-Treated Heifers.
Mean plasma FSH concentrations decreased from 35 ng/ml at the time of treatment to 15.3 ng/ml within 36 hr and then increased steadily to 37.4 ng/ml by day 9. After implant removal, mean FSH concentrations increased to a maximum of 135.0 ng/ml within 48 hr before declining to 39.2 ng/ml over the next 24 hours.
Overall FSH concentration was lower in treated heifers than in untreated heifers, indicating that the SMB treatment suppressed FSH concentrations in plasma.
Figure 4 depicts mean plasma P and LH concentrations in SMB-treated heifers. Mean P concentrations declined from an initial value of 3.0 ng/ml at the time of tream~erit to 2.0 ng/ml by day 4 of treatment, and was less than 1 ng/ml at the time of implant removal. Plasma P concentrations remained low through day 12 after implant removal. Overall P concentration was lower (P<.O01) in treated heifers than in untreated heifers, indicating that the SMB treatment was effective in inducing luteolysis and suppressing further P synthesis. Mean plasma LH concentrations remained below 2 ng/ml from day 0 to day 9. Mean LH concentrations increased from 1.6 ng/ml on day 9 to 9.2 ng/ml 48 hr later and then declined to 1.8 ng/ml by day 12.
Averaging LH concentrations in SMB-treated heifers with respect to time of implant removal yielded a peak mean concentration of 9.2 ng/ml, which occurred at 48 hr after implant aThree SMB-treated heifers were not detected m estrus within 5 days after implant removal.
removal (figure 4). However, normalizing the data around the occurrence of peak LH concentrations yielded a mean peak value of 18.3 ng/ml, which was not different (P>.05) from the peak LH concentration in untreated heifers at estrus. That the mean peak LH value presented in figure 4 was lower than the mean peak concentration obtained when data were normalized around the highest concentrations attests to the wide variation in occurrence of LH peaks after implant removal. As seen in table 1, there was considerable variation in the occurrence of both estrous behavior and peak gonadotropin response after implant removal. Also, the temporal relationship between occurrence of estrous behavior and peak gonadotropin response varied among individuals. In one of the 17 heifers (6%) exhibiting a gonadotropin response, estrus was detected 12 hr after peak gonadotropin concentrations had occurred, while in 12 others (70%), estrus detection coincided with peak gonadotropin concentrations. The remaining four animals (24%) were all detected in estrus 12 hr before the occurrence of peak gonadotropin concentrations.
Wihbank et at. (1971) found comparable variation in the occurrence of estrus following a 9-day progestin treatment; mean interval from implant removal to occurrence of estrus was 36.2 hr (SD = + 18.3 hr). Also, mean interval from implant removal to ovulation was 68.5 hr (SD = + 16.3 hr). Woody and Pierce (1974) reported a range of 1 to 5 days in the interval to onset of estrus in heifers treated with norethandralone and estradiol valerate.
Similarly, Woody and Abenes (1975) reported a range of 1 to 5 days in the interval to estrus in heifers treated with norgestomet and estradiol valerate. Since timing of insemination in relation to ovulation is an important consideration in efforts to achieve fertilization (McLaren, 1974) , it is possible such variation among individuals in hormonal and behavioral events could contribute to a decrease in fertility at the controlled estrus.
Pregnancy Data. First service pregnancy rate among untreated, group 1 and group 2 heifers were 65, 58 and 38%, respectively (table 2) . The number of services per pregnancy for heifers that became pregnant during the breeding (table 2) . Chi-square analysis failed to detect (P>.05) any differences in pregnancy rate among groups. Also, no effect of sire on pregnancy rate was detected (P>.05). In previous studies in which similar treatments were utilized (Wiltbank et al., 1971; Wishart and Young, 1974; Woody and Abenes, 1975; Wishart et al., 1977; Mares, 1978) , synchronized animals inseminated either after estrus or at a predetermined time usually tended to have lower pregnancy rates than controls. However, in none of the studies were the decreased conception rates low enough to be considered significant at the 95% confidence level. The same pattern of results occurred in the present study, with both synchronized groups having lower empirical, if not statistical, pregnancy rates than controls. Whether this inability to detect lowered pregnancy rates is due to a lack of resolution in statistical terms due to small numbers of animals, or represents only random sampling from two populations with equal means, is unknown. However, if pregnancy rates among synchronized and untreated animals truly shared a common mean, one might expect to see an equal distribution of empirically higher pregnancy rates between synchronized and untreated animals. Presently available data do not support this expectation. Current information indicates that ovulation in cattle occurs approximately 24 hr after peak LH concentrations (Henricks et al., 1970; Carr, 1972) , and that the optimum time for insemination is about 14 hr before ovulation (Sorensen, 1979) . Rodeffer et al. (1972) also reported that ovulation followed the LH surge by 24 hr in heifers that had been given daily progesterone injections for 9 or 18 days. Ideally, then, the LH surge would precede insemination by about 10 hours. Further examination of the data revealed that three of the five animals inseminated at the time of the peak LH surge became pregnant to first service, while four of the seven animals inseminated 12 hr after the observed LH surge conceived. However, none of the three heifers inseminated 24 hr after the LH surge became pregnant to first service. Although in the present study no attempt was made to determine the moment of ovulation, it is possible that those heifers inseminated 24 hr after the occurrence of peak LH concentration were inseminated too late to achieve fertilization, as oviductal concentrations of spermatozoa do not reach a maximum until 8 hr after artificial insemination (Dobrowolski and Hafez, 1970) .
The current results demonstrate that SMB treatment was effective in supressing estrous behavior and peak release of both gonadotropins until after removal of the norgestomet implant. Gonadotropin response after implant removal was quite variable among individuals. It should also be noted that variation in timing among the occurrence of the LH peak, time of insemination and the moment of ovulation would be expected to occur in untreated as well as synchronized artimals. Further study within both synchronized and cycling catde is needed to evaluate the role these variables may play in fertility and, perhaps, to suggest methods 9 vhereby fertility could be substantially improved.
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